The non-dialyzable fraction of culture filtrate antigen of Aspergillus fumigatus was fractionated by anion exchange chromatography and gel filtration, connecting each column of Mono Q and Superose 6 sequentially. Fractions which had a high protein and reacted strongly with an immunoglobulin-M monoclonal antibody (MAb) 8-3C F5 G9, as determined by enzyme-linked immunosorbent assay (ELISA), were pooled to give four antigenic fractions (F1-F4). Gas-liquid chromatography analysis of the 4 antigenic fractions showed the presence of mannose and galactose. An immunoelectron microscopic experiment with MAb revealed the distribution of antigen on the surface of the hyphae. The fractions had no proteolytic activity. Fraction 4, relatively small in its molecular size but with the highest recovery of the reactivity with MAb among F1 to F4, was selected for further characterization. Antigenic reactivity of F4 with MAb was heat-stable but fully retained after sodium metaperiodate treatment. Pronase E almost destroyed the antigenic reactivity of F4 with MAb. MAb affinity chromatography of F4 gave the specific antigen, F4-AF. In both sodium dodecyl sulfate-polyacrylamide gel electrophoresis by Coomassie blue staining and Western blotting with MAb, F4-AF showed a single band with molecular mass of 66 kDa.
Introduction
Specific identification of a fungus can be achieved by the recognition of its unique antigen. Identification of exoantigens depends on interaction between these antigens and homologous antibodies which are specifically produced against the antigens. Exoantigens have been proven valuable for immunoidentification of fungal pathogens and for resolving taxonomic problems1).
Aspergillus fumigatus can cause a variety of diseases, including allergic asthma, allergic bronchopulmonary aspergillosis, aspergilloma and invasive aspergillosis. Assays for the detection of Aspergillus-specific antibodies are of value for the diagnosis of allergic bronchopulmonary aspergillosis and aspergilloma but they often fail in the diagnosis of invasive aspergillosis in immunocompromised patients.
In determining the antigenicity of a fungus, its reactivity against polyclonal antibody alone would not provide sufficient comprehensive information on the nature of the antigenic reactivity of the constituents, since a polyclonal antibody recognizes an antigen via a number of different epitopes. In contrast, monoclonal antibodies (MAbs) represent a homogeneous population of immunoglobulins directed against a single antigenic determinant1).
The availability of purified and characterized antigens of clinically important A. fumigatus 1, 2) would ensure the production of more specific antibodies and development of more reliable immunoassay procedures for rapid diagnosis of Aspergillus infections.
In this study, we describe the preparation and characterization of a culture filtrate antigen of A, fumigatus, recognized by a mouse MAb, MAb 8-3C F5 G9, which had already been raised).
Materials and Methods
Aspergillus fumigatus NCPF 2 109 was obtained from the Mycological Reference Laboratory, Central Public Health Laboratory, London, U.K. The crude culture filtrate antigen was prepared as previously described3).
Antibodies used in this experiment were prepared by A. fumigatus culture filtrate and BALB/c mice splenocytes, and the MAb was purified by ammonium sulphate precipitation and Mono Q anion exchange chromatography as previously described 3). The purified MAb showed reactivity against the protein constituent of the culture filtrate antigen. A volume of 200a1, containing 20mg of A. fumigatus culture filtrate antigen, was fractionated by a FPLC system(Pharmacia LKB Biotechnology, Uppsala, Sweden). A Mono Q HR 5/5 (Pharmacia) anion exchange column was connected to a Superose 6 HR 10/30 (Pharmacia) gel filtration column. Preliminary experiments demonstrated that culture filtrate antigen could be separated by a Mono Q column. A better separation was achieved when a Superose 6 column was added. The columns were eluted with a stepwise gradient of 0 to 0.25M sodium chloride in distilled water for 3h and from 0.25M to 0.5M sodium chloride for 5h. The flow rate was 0.2ml/min/tube and the eluent was monitored at 280nm. A murine (MAb) and rabbit antiserum were used to determine the antigenicity of the individual fractions by ELISA. The protein and carbohydrate contents of each fraction were also determined by the method of Lowry et and by a modified Molisch method5), respectively. Fractions which reacted similarly with the MAID and the antiserum were pooled, dialyzed extensively against distilled water and lyophilized.
Enzyme-linked immunosorbent assay (ELISA) was conducted as that of Mikami et al.6) . The assay was carried out in flexible, flat-bottomed, 96-well assay plates (Becton Dickinson, Oxnard, CA, U.S.A.).
Determination of sugar components by gas-liquid chromatography was performed as follows. A solution of each specimen, 0.5mg in 0.5M H2SO4, 5ml was heated at 100C for 5h. After cooling, the solution was neutralized by addition of BaCO3, filtered and evaporated in vacuo to dryness. The hydrolyzates and the standards, which included D-mannose, D-galactose and D-glucose, were trimethylsilylated by dissolving them in 1.0ml of pyridine, followed by the addition of 0.2ml of hexamethyldisilazane.
Then, the resultant trimethylsilylated derivatives were extracted with chloroform, the chloroform layer was washed 4 times with distilled water to remove the watersoluble substances, and the chloroform solution was evaporated to dryness. After dissolution the sugar components were analyzed by a Shimadzu GC-6AM gas chromatograph equipped with a 5 % SE-30 column (0.3X300cm) at 180C by the method of Bhatti et al. 7) .
Immunoelectron microscopic assay was done as follows. Conidia of A. fumigatus were obtained from 4 to 5 day-old slant cultures. The number of conidia was adjusted to 108 cells/100i1. The hyphae were prepared from 9 day-old surface broth cultures, and mycelial mats were homogenized in saline with a homogenizer (Physcotron, Nichion Irikakiki, Tokyo).
Four hundred l of a1: 3-dilution of MAb was added to 100il of the conidial and hyphae preparations described above. The samples were incubated at 37C for 2h. The conidia and the hyphae were washed once with saline before the addition of 201 of undiluted goat anti-mouse IgM conjugated with 10nm colloidal gold particles (Janssen Life Sciences Products, Olen, Belgium) to the conidia and of 40pl to the mycelia. The samples were incubated for 2h at 37C. The conidia and mycelia were washed once with water before 50l of 0.2% glutaraldehyde was added. Conidia and hyphae labeled with MAID-gold were used directly for negative staining using 1% phosphotungstic acid. The samples were observed under a Hitachi electron microscope.
Proteolytic activity of the 4 pooled antigenic fractions was detected according to Yuan and Cole 8), using Bio-Rad protease substrate gel tablets (Bio-Rad Laboratories, Richmond, CA, U.S.A.).
Heat stability of F4 was tested by heating the antigen for 25min at 100C by immersion of the tube into boiling water and centrifuging to remove any precipitates before coating the microtiter wells for ELISA.
The effect of sodium metaperiodate on F4 was tested according to the description by Fratamico and Buckley2) with some modifications. The test was carried out by adding 300il of 0.2M sodium metaperiodate to F4 (300pg protein) to give a final concentration of 0.05M sodium metaperiodate. The solution was left at room temperature in the dark for 24h. Three hundred Ii t of ethylene glycol was added to terminate the reaction. The solution was dialyzed against distilled water overnight at 4C before being assayed for its antigenicity by ELISA. Controls were treated similarly, except that distilled water was sub-stituted for sodium metaperiodate.
The antigen (180ig protein) was incubated with 20ig
of pronase E (Kaken Chemical, Tokyo) for 24h at 37C. The pronase-treated antigen solution was heated in boiling water for 5min and centrifuged to remove any precipitates before being tested for its antigenicity by ELISA. Control was treated similarly, except that distilled water was substituted for pronase E.
Immunoaffinity chromatography was performed as follows. The MAID was coupled to cyanogen bromide-activated Sepharose-4B (Pharmacia) gel in 0.1M NaHC03 buffer pH8.3 containing 0.5 M NaCI and a column was prepared. After equilibration with phosphate-buffered saline (PBS), the antigen fraction (F4) which showed the highest recovery of the reactivity with the MAID among F1 to F4 in ELISA was passed through this column. To remove the unbound fraction, the column was washed with the equilibration buffer. The bound fraction was eluted with 8.0 M urea, then dialyzed extensively against distilled water and lyophilized.
Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) was performed by the method of Laemmli9). Gels were either stained for protein with Coomassie brilliant blue R-250 or for carbohydrate with periodic acid-Schiff (PAS) stain by the method of Zacharius et al. 10). After completion of SDS-PAGE, the proteins were electrophoretically transferred to nitrocellulose membrane (0.45-m pore size; Millipore, U.S.A.) and analyzed by MAb according to the previous description 11),
Results
The crude A. fumigatus culture filtrate antigen was fractionated by an FPLC system employing a combination of Mono Q and Superose 6 columns, sequentially. The fractions exhibited 4 major peaks at A280. Fractions which overlapped and reacted highly with both MAID and the rabbit serum were pooled to give 4 antigenic fractions (F1-F4) . ELISA showed that the A492 peaks of F2 to F4 corresponded with the peaks at A28o. The A492 peak of F1 overlapped only a part of the peak at A28o (f1226). -Most of the first peak at A28o (f18-26) with high carbohydrate content lacked antigenicity (Fig. 1) .
Chemical analyses of F 1 to F4 antigens is shown in Table 1 , the 4 pooled antigen fractions (F1-F4) contained 50 to 60% of protein and small amounts of carbohydrate (1.8-7.0%) as the weight basis of each antigen.
The gas-liquid chromatograms of F1-F4 (data not shown) showed peaks which were identified as mannose and galactose, based on the retention times with known standards. Mannose and galactose gave rise to one and two peaks, respectively. The amount of each component sugar was cal- as determined by ELISA at 492nm. The Mono Q-Superose 6 tandem chromatography, eluted with a stepwise gradient of 0 to 0.5M sodium chloride (-) was used.
culated from the peak dimensions of each chart. Immunoelectron micrographs of A. fumigatus hyphae, treated with monoclonal antibody and colloidal gold-labeled anti-mouse IgM antibodies, showed that the surface of the hyphae cell wall was labeled with gold particles (Fig. 2) . Conidia, however, were not similarly labeled.
None of the antigenic fractions (F1-F4) had demonstrated the ability to digest bovine casein after incubation at 37C for 12h, indicating that they are probably not protease. reactivity of F4 with rabbit antiserum (Fig. 3B) . The sodium metaperiodate oxidation of carbohydrate initially present in F4 did not have a negative effect on the antigenic reactivity with MAb (Fig. 4A) . The antigenic reactivity of F4 with the rabbit antiserum was partially reduced after sodium metaperiodate treatment (Fig. 4B) .
The antigenic reactivity of F4 was with MAID almost destroyed after treatment with pronase E (Fig. 5A) . Following the treatment, the antigenic reactivity of F4 with rabbit antiserum was completely lost (Fig. 5B) . were low-molecular mass components extracted from the culture filtrate. These peptides reacted with IgG and IgE antibodies in the serum samples of allergic bronchopulmonary aspergillosis patients 18). Several reports14,11,19-22) describe glycoproteins as the major antigens showing reactivity with rabbit antisera and patient sera. These antigens have been isolated from either culture filtrate and /or mycelial extracts. In the present study, we fractionated the culture filtrate and obtained 4 pooled antigenic fractions. F4 reacted strongly with MAb and was assumed to be a relatively small molecule. This fraction showed heat and sodium metaperiodate to be stable but digested by pronase E. The sodium metaperiodate oxidation did not influence the antigenic reactivity with MAb but did with rabbit antiserum. The above results showed the rabbit antiserum contained anti-carbohydrate moiety antibody (ies), where the epitope recognized by MAb corresponds to a peptide moiety.
The literature shows that, several methods have been employed in the isolation of A. fumigatus antigens. Wilson and Hearn fractionated mycelial extract by Con A-Sepharose affinity chromatography and they obtained two fractions, namely, the protein-rich, unbound fraction (UBF) and the carbohydrate-rich, Con A-binding fraction (BF). BF proved far superior to UBF for detecting Aspergillus antibodies by ELISA, although no major difference in sensitivity was apparent between BF and the unfractionated mycelial extract15,23). Kurup et al. used preparative isoelectric focusing and Con A affinity chromatography to isolate a glycoprotein and a protein fraction from culture filtrate24). They later isolated another Con Abinding glycoprotein fraction which focused at pH 6.5. This fraction showed three components with approximate molecular masses of 20, 40 and 80 kDa in two-dimensional electrophoresis. All of the three isolated fractions demonstrated reactivity against sera of aspergilloma and allergic bronchopulmonary aspergillosis patients25). Using hydrophobic interaction chromatography followed by gel filtration, Schonheyder and Andersen identified five fractions with molecular masses of 25-50, 50 -160, 160, 250 and 470 kDa from mycelial extract 20). The precipitating antigens of molecular masses 250 and 470 kDa were found to contain carbohydrate, whereas only three of ten precipitating antigens of the molecular mass 25-50 kDa fraction appeared to be glycoproteins. High levels of antibodies to the former four fractions were found only in the sera of patients while high levels of IgG antibodies against the 470 kDa fraction were detected in the sera of both aspergillosis patients and healthy controls20,21). A 58-kDa glycoprotein antigen was isolated by Fratamico and Buckley2) from the mycelial extract using Con A affinity chromatography. This antigen was the only one recognized in approximately 90% of the sera of aspergillosis patients tested2). We employed ionexchange chromatography, followed by gel filtration and immunoaffinity chromatography in the isolation of a glycoprotein antigen fraction, F4-AF, from the culture filtrate of A. fumigatus. The molecular mass of this antigen existing in F4-AF, as determined by SDS-PAGE and Western blotting with MAb, was 66 kDa. MAb bound-Sepharose-4B column was applied to purify the F4 by affinity chromatography. The unbound fraction of F4 was eluted from the column with PBS, and the firmly bound fraction was eluted with 8.0 M urea solution. Because the 66 kDa band has 3 to 4 times the epitope to MAb as does the 18 to 24 kDa band, we speculate that the band of 18 to 24 kDa was eluted with PBS because of its very weak affinity, and the 66 kDa band was the firmly bound fraction. Although SDS treatment of the 66 kDa band cannot be divided into the fragments of 18 to 24 kDa, we believe that 18 to 24 kDa may be the subunit of this band. Polysaccharide antigens tend to be absorbed less well than protein antigens 6). This technique has the further advantage of allowing the study of non-precipitaaaaaating antibodies21). Haynes et al. 26 have shown that both galactomannan and nongalactomannan antigens are present in patient sera during invasive aspergillosis. At least seven non-galactomannan antigens were identified, three included the 67 and 23 kDa antigens26). It is tempting to speculate that these two antigens are identical to our 66 and 24 kDa antigens, but further studies are necessary before any conclusions can be drawn. Recently, Kobayashi et al.27) published the isolation of an 88 kDa antigen from the culture of A. fumigatus CBS 144, and 89. It does not seem to be identical to the 66 kDa antigen of A.
fumigatus NCPF 2109, however, judging from the difference in their molecular sizes.
